Purpose: To describe articulatory indexes for the different speech errors and to verify the existence of a preferred type of error in children with speech sound disorder, according to the presence or absence of otitis media history. Methods: Participants in this prospective and cross-sectional study were 21 subjects aged between 5 years and 2 months and 7 years and 9 months with speech sound disorder. Subjects were grouped according to the presence of otitis media history: experimental group 1 (EG1) with 14 subjects with otitis media history and experimental group 2 (EG2) with seven subjects without otitis media history. The amount of speech errors (distortions, omissions and substitutions) and the articulation indexes were calculated. Data were submitted to statistical analysis. Results: The performances from EG1 and EG2 regarding the indexes were different from each other in both phonological tasks applied. In all analyzes, the indexes evaluating substitutions indicated that this type of error was the most prevalent in children with speech sound disorders. Conclusion: The use of indexes was effective to indicate that substitution is the most prevalent type of error in children with speech sound disorders. The greater occurrence of speech errors observed in the picture naming task in children with otitis media history indicates that such errors are possibly associated to difficulties in phonological representation secondary to fluctuating conductive hearing loss.
INTRODUCTION
Speech Sound Disorders (SSD) are characterized by a disorder of the phonological system identified by the presence of substitutions, omissions and distortions at an inappropriate age and variable severity. The use of simplifications of phonological rules called phonological processes can result in a variable degree of unintelligible speech (1, 2) . Different researches demonstrate the existence of different types of SSD (3, 4) . Some authors (5, 6) consider that such different types are related to the correlated causes while others (4, 7) argument that there are different subtypes of SSD according to the cognitive-linguistic abilities that are affected by the disorder. Studies (2, 3, 8, 9) described a model of classification of speech disorders of unknown origin by aetiology termed the Speech Disorders Classification System (SDCS) based on the need to participate in the continuing advances in genomic and other biomedical sciences.
The most recent version of SDCS (2, 9) presents two branches of the SDCS termed the Speech Disorders Classification System--Typology (SDCS-T) and the Speech Disorders Classification System-Etiology (SDCS-E). The three aetiologic sub-types of speech disorders are those associated with (a) cognitivelinguistic processing constraints that may be, in part, genetically transmitted; (b) auditory-perceptual processing constraints that are the consequence of the fluctuant conductive hearing loss associated with early recurrent otitis media with effusion; and (c) affective, temperamental processing constraints associated with developmental psychosocial involvement.
Auditory-perceptual difficulties that may co-occur with speech disorders especially as a consequence of the fluctuant conductive hearing loss associated with early recurrent otitis media interfere on the establishment of stable phonological representations which are essential for the verbal learning. In such cases articulatory difficulties may be derived from an auditory-perceptual deficit (10, 11) . Besides the concern to identify possible causes of speech disorders studies also research on different tests to promote a better characterization of the manifestations presented by children who have this disorder.
To measure the severity of SSD one of the most commonly used indexes is the Percentage of Consonants Correct (PCC), which reflects the percentage of sounds correctly produced during speech. This index assigns equal weight to all three types of speech errors (omission, distortion, and substitution) (3, 12, 13) unlike the revised version termed PCC-R which scores distortions as correct (14) . Besides PCC and PCC-R there are also other indexes related to the types of speech errors (3) . The absolute indexes (AI) are calculated by dividing the number of specific errors (omission, substitution or distortion) by the number of sounds from the speech sample while the relative indexes (RI) are calculated by the division of the specific number of errors by the number of speech errors produced.
The Articulatory Competency Index (ACI) (3, 8) is based on two characteristics of conversational speech: the percentage of consonants articulated correctly and the percentage of all incorrect consonants that is due to articulatory distortions. ACI reflects an upwards adjustment of PCC scores for speakers with proportionally more distortion errors and a downward adjustment of PCC scores for speakers with proportionally more omission and substitution errors.
Clarify the types of speech errors that occur in most children with SSD and the presence of otitis media history in Brazilian Portuguese-speaking children contributes to the diagnosis and facilitates the choice of the most adequate model of language intervention.
The aim of this study was to describe the articulatory indexes that measure the different types of errors verifying the existence of a preferential type of error in children with SSD according to the presence or absence of otitis media history.
METHODS
This study was approved by the Ethics Commission for the Analysis of Research Projects (CAPPesq) of the Clinical Board of the General Hospital and School of Medicine from the University of São Paulo (nº 0958/08). All legal guardians signed the free and informed consent term.
The present study is prospective and cross-sectional. Participants were 21 children (15 male and 6 female) aged between 5;2 and 7;9 years-old diagnosed as children with SSD between January 2007 and December 2009.
Inclusion criteria for participants were: age, diagnosis of SSD realized by the Investigation Laboratory of Phonology from the Department of Physical Therapy, Speech-Language Pathology and Audiology, and Occupational Therapy from the Medical School of the University of São Paulo and the presence of history of three or more episodes of otitis media (OM).
Subjects were grouped into two different groups according to the presence/absence of otitis media history: Experimental Group 1 (EG1) with 14 children with OM history and Experimental Group 2 (EG2) with seven participants without OM history.
SSD diagnosis procedure was the same for both groups. Picture naming and words' imitation tasks from the phonology test of the Infantile Language Test ABFW (15) developed for Brazilian Portuguese-speakers was applied. We used other complementary tests in order to identify the underlying deficits of the disorder such as: stimulability test (16) (17) (18) (19) , speech inconsistency test (16, 20) , diadochokinetic evaluation (21) (22) (23) and phonological sensitivity test for both auditory task (PST-A) and visual task (PST-V) (24) . The calculi of speech errors (distortions, omissions and substitutions) were based on both phonology tasks. The indexes applied were: percentage of consonants correct (PCC), percentage of consonants correct revised (PCC-R), Relative substitution index (RSI), Relative distortion index (RDI), Relative omission index (ROI), Absolute substitution index (ASI), Absolute distortion index (ADI), Absolute omission index (AOI) and Articulatory competence index (ACI) (3, (12) (13) (14) .
STATISTICAL ANALYSIS
Data was submitted to inferential analysis and significance level adopted was 0.05. Spearman correlation test correlated the indexes from the picture naming task and the words' imitation task with the total sample of subjects.
Intragroup comparisons were verified using Friedman test (for the comparison between indexes) and Wilcoxon test (for the comparison between tasks). Comparison between groups was analyzed by Mann-Whitney test.
RESULTS
Results indicated differences across the groups and also across tasks for the indexes PCC, PCC-R and RSI. EG1 presented differences across tasks for PCC and PCC-R (greater at the imitation task), not observed for EG2. RSI was greater at the picture naming task only for EG2.
General results pointed out that substitutions (evaluated by RSI and ASI) were the most frequent type of error produced by children with SSD. Table 1 presents the correlation between indexes applied to the picture naming task and the words' imitation task for the total sample of subjects (21 children). Evidences point to a positive correlation between RI (relative indexes) and AI (absolute indexes) and also among PCC, PCC-R and ACI. ACI also presented positive correlation with RDI. Table 2 compares the indexes applied to both phonology tasks (picture naming and imitation) for the EG1 (children with OM history) using the Wilcoxon test. ASI, PCC and PCC-R were different between tasks. Table 3 compares the indexes applied to each phonology task (picture naming and imitation) separately for the EG1 Rev Soc Bras Fonoaudiol. 2012;17(4):422-9 (children with OM history) using the Friedman test. Results were similar to both tasks: RSI was different from RDI and ROI and also ASI was different from ADI and AOI. ACI was different from both PCC and PCC-R. Table 4 demonstrates results for the comparison of indexes between the two phonology tasks (picture naming and imitation) for children with OM history, EG2 (Wilcoxon test). RSI and ASI were different for the two tasks.
Correlation of indexes at phonology tasks

Intragroup comparison analysis
Comparison between indexes for each phonology task for EG2 is observed at Table 5 (Friedman test). RSI was different from RDI and ROI and also ASI was different from ADI and AOI at picture naming task. Considering the imitation task, RSI was different from RDI and also ASI was different from ADI. No difference was observed between PCC and PCC-R. ACI was different from both PCC and PCC-R. Figure 1 presents the comparison across the indexes between EG1 and EG2 at the imitation task. Figure 2 demonstrates the comparison across the indexes between EG1 and EG2 at the picture naming task (Mann-Whitney test). No difference between groups was observed at both phonology tasks Even though no statistical difference was verified at the analysis between groups we observed that RSI values were higher for the EG1 (with OM history) at the imitation task and for EG2 (without OM history) at the picture naming task. Mean value of RDI was also higher for EG1 while ROI followed by RSI were higher for EG2. PCC and PCC-R means values were lower for EG1.
Between-groups comparison analysis
Rev Soc Bras Fonoaudiol. 2012;17(4):422-9 
DISCUSSION
Studies developed over the past years involving children with SSD have been indicating that these children need to be classified into different subgroups of the disorder since they present differences in severity, aetiology and type of speech errors made. The co-occurrence of OM history with the disorder is frequently observed in this population but few is described about their speech characteristics.
The correlation between relative and absolute indexes at both phonology tasks is an evidence of their effectiveness on the identification of the most frequent type of error produced but they do not differentiate the groups according to the history of OM.
ACI as well was not an effective index to differentiate one group from the other since we observed positive correlation between this index and PCC, PCC-R and RDI at both tasks. Such finding revealed that the higher the number of correct productions and distortions are, the lower will be the number of both substitutions and omissions resulting into better articulatory competence results (3) . Between-indexes comparison for the group of children with OM history (EG1) indicated that ASI presented the highest mean value while PCC and PCC-R presented the lowest means values at the picture naming task. The worst performance at the picture naming task is an indication that these children have difficulty on assessing the phonological representation of the sound once they are not exposed to a model of production at this task. We believe that this fragility at the phonological representation is associated to a poor ability of discriminating speech sounds, probably caused by the episodes of OM history (10, (25) (26) (27) . It is interesting to note that children without OM history (EG2) presented omissions as the second most frequent type of error (ROI and AOI) indicating that this error is less frequent than substitutions but more frequent than distortions for this group of children. For the group of children with OM history (EG1) the most frequent type of error was omission. Maybe their auditory-feedback control is committed because of the presence of previous episodes of OM hindering their speech production refinement (26, 28) .
Between-groups comparison analysis demonstrated that mean values of PCC were lower than PCC-R for children from EG1. Even though this comparison was not significantly different it indicates that PCC-R is more effective to evaluate the severity of children with SSD.
Results showed that participants from this study did not present high values of absolute indexes demonstrating low occurrence of substitutions, omissions and distortions for this population. Thereby the application of these indexes to a good phonology test can provide an overview of the involvement of the oral production of the subject once the absolute indexes relate the number of sounds from the test to the number of errors made.
General findings demonstrated that substitution was the most frequent type of error in children with SSD. Furthermore it is interesting to observe that ACI values as well as the low occurrence of distortions indicate that participants from this study produced errors that can be associated to a deficit at the phonological representation that seems to be influenced by the presence of OM history. The fact that indexes that analyze distortions (RDI, ADI and ACI) were not different between groups suggests that this type of error is not influenced by the phonological representation deficit.
Type and occurrence of errors influence the severity of SSD (14) and speech intelligibility is more committed when substitutions and omissions are presented at these children's speech production.
CONCLUSION
The findings of the study reported here indicate that abso- lute and relative indexes were effective to indicate substitution as the most frequent type of error presented by children with SSD. This finding is an evidence of the cognitive-linguistic as an important underlying deficit for these children.
RSI, PCC and PCC-R were the indexes that most differentiated the groups between both phonology tasks. The higher occurrence of errors was observed for the group with otitis media history at the picture naming task indicating that this group's difficulty is associated to a deficit at the phonological representation probably caused by the fluctuant hearing loss they experienced.
